The ability to discriminate between faces from unfamiliar face groups has previously been found to decrease across the first year of life. Here, individual-level discrimination of faces within a previously unfamiliar group was investigated by measuring neural responses to monkey faces. Six-and 9-month-old infants (n = 42) completed a Fast Periodic Visual Stimulation (FPVS) task while steady state visual evoked potentials (ssVEPs) were recorded. Using an oddball task design (e.g., infrequent changes in face identity) faces were presented at a 6 Hz (1 face approximately every 167 ms) stimulation rate and every 1.2 Hz different individual monkey faces were presented. Significant SNRs at 1.2 Hz in both 6-and 9-month-old infants suggest that neural responses, recorded over posterior scalp regions, remain sensitive to individual-level differences within an unfamiliar face group despite previous behavioral evidence of decreased discrimination. However, the topographic distribution of the 1.2 Hz response varied by age, suggesting that 6-and 9-month-old infants are using different neural populations to discriminate unfamiliar faces at the individual level.
Introduction
Faces are arguably one of the most important stimuli infants experience during the first year of life. They not only provide important social information such as referential attention (Striano et al., 2006) and emotional cues (for review, see Leppänen and Nelson, 2006) , but also scaffold learning in a variety of domains (e.g., speech perception and production, Lewkowicz and Hansen-Tift, 2012 ; learning gaze-cued objects, Pickron et al., 2017) . People are also extraordinarily good at recognizing faces; however, this expertise is often diminished for faces of another species or for faces of people within less familiar groups (e.g., other-race groups). These biases arise over the course of the first year of life and contribute to deficits in recognizing and identifying individuals within unfamiliar and infrequently experienced groups (e.g., Kelly et al., 2009 .
While newborns do not show a visual preference for own-over other-race faces, 3-month-olds exhibit a spontaneous preference for own-race faces . Across the first year of life, infants move from equally discriminating faces within both familiar and unfamiliar groups to failing to discriminate faces within unfamiliar groups, a pattern called "perceptual narrowing" (Scott et al., 2007) . At 9 months of age infants continue to easily differentiate faces within the most frequently experienced groups (e.g., Kelly et al., 2009 Kelly et al., , 2007 Pascalis et al., 2002) .
In a recent proposal, perceptual narrowing and perceptual tuning effects were hypothesized to reflect a shift from primarily bottom-up processing of stimulus features/salience to a combination of bottom-up and top-down influences across the first year of life (Hadley et al., 2014) . For face processing, proposed important top-down influences include: the socio-cultural developmental context, language development and word learning, category and concept formation, learned attention to relevant stimulus features (Hadley et al., 2014) , and other salient developmental tasks such as motor development and the formation of an attachment relationship (Scherf and Scott, 2012) . However, many of these bottom-up and top-down factors are confounded by familiarity and general experience which limits our understanding of these important contributions. Other-species faces have previously been used to examine the developmental trajectory of perceptual narrowing and reduce pre-experimental familiarity/experience confounds (e.g., Pascalis et al., 2005 , Scott and Monesson, 2010 ). Scott and Fava (2013) argue that monkey faces are useful stimuli for understanding face learning and recognition because it can be assumed that participants will have little to no prior experience and the results can therefore be attributed to the experimental manipulations and not individual differences in levels of pre-experimental face experience. Previous research using monkey face stimuli suggests infants exhibit decreased discrimination of monkey faces from 6 to 9 months of age , but that the top-down experience of listening to parents name individual monkey faces leads to continued discrimination at the individual level (Scott and Monesson, 2009) .
To complement the behavioral literature showing perceptual narrowing for faces across the first year of life, a handful of studies have examined the neural correlates of own-versus other-race face processing in infancy using event-related potentials (ERPs). For example, 9-month-olds exhibited differential ERP responses to own-versus otherrace faces (Balas et al., 2011; Vogel et al., 2012) , whereas 5-month-olds did not differentially respond to own-and other-race faces (Vogel et al., 2012) . Investigations examining infants' neural responses to own-and other-species faces report increased neural specificity, as measured by ERPs, to human faces relative to monkey faces Halit et al., 2003; for review, see de Haan et al., 2003) . In addition, when infants are given three months of experience (from 6 to 9 months of age) with individually-labeled monkey faces, neural specialization for monkey faces increases (Scott and Monesson, 2010) .
One previous study examined the extent to which 9-month-old infants can categorize or individuate previously unfamiliar human and monkey faces using ERPs and found no evidence of individuation of monkey faces (Peykarjou et al., 2014) . However, in another study 9-month-old infants demonstrated neural differentiation of experimentally familiarized human and monkey faces (Scott et al., 2006) , although the neural responses differed depending on species, suggesting separate mechanisms for discriminating faces within familiar versus unfamiliar groups. The inconsistent results reported by Peykarjou et al. (2014) and Scott et al. (2006) highlight the need for additional work examining the development and neural correlates of familiar and unfamiliar face processing. One important difference between these two investigations was the length of the face familiarization period. Peykarjou et al. (2014) showed infants each individual face for only 1000 ms, whereas Scott et al. (2006) used an infant controlled habituation period, resulting in a longer familiarization time. It is possible that extended familiarization/exposure time allows for increased discrimination. This interpretation is consistent with behavioral work showing that in 12-month-olds, increasing the familiarization time from 20-to 40-s allows for reliable discrimination of monkey faces (Fair et al., 2012) . Although these previous findings suggest differential processing of familiar versus unfamiliar groups of faces, the extent to which neural responses discriminate faces within unfamiliar groups is not known. Moreover, if neural evidence of individual-level discrimination is present, the extent to which these responses differ in sensitivity, timing, or topography across the first year of life is also unknown. The goal of the current study was to further investigate individual-level discrimination of faces within a previously unfamiliar group by measuring neural responses over posterior scalp regions while 6-and 9-month-old infants completed a fast periodic visual stimulation (FPVS) task.
In FPVS paradigms, images are presented at a rapid, constant frequency (e.g., 6 faces per second). The resulting neural response, the steady state visual evoked potential (ssVEP), is present at exactly the presentation frequency (for review, see Norcia et al., 2015) . Using FPVS and ssVEP techniques, infants can be exposed to hundreds of images and several conditions within minutes, ultimately reducing attrition rates and increasing power. The ssVEP method can be used to measure the brain's differentiation of various stimulus conditions providing a link to behavioral visual discrimination tasks. FPVS has primarily been used to investigate face processing in adults (for review, see Rossion, 2014) . For example, in adults, one recent study utilized FPVS and an oddball task design (e.g., infrequent changes in face identity) to examine whether adults exhibited a response to face identity above and beyond a category response to faces (Liu-Shuang et al., 2014). In this task, stimuli were presented at a rate of 6 Hz and every 5th face was a different individual (1.2 Hz). In addition to the mid occipital 6 Hz response to visually presented faces, Liu-Shuang and colleagues found that adults exhibited a right-lateralized 1.2 Hz response to changes in face identity.
To date, only three published studies have used the ssVEP technique to examine face processing in infancy (de Heering and Rossion, 2015; Farzin et al., 2012; Peykarjou et al., 2017) . Two studies focused on the specificity of face and object category representations. Farzin et al. (2012) presented 4-to 6-month-old infants with alternating images (6 Hz) of intact (3 Hz) and scrambled faces and objects. Infants showed face-related neural responses over left, right, and medial occipital regions, whereas object-related responses were only found over the medial occipital region. de Heering and Rossion (2015) also examined 4-to 6-month-old infants' neural discrimination of faces and objects using an oddball design. A significant 1.2 Hz response measured over the right occipital scalp region was found, suggesting that infants form a category representation of faces that is separate from objects. Additionally, Peykarjou et al. (2017) used an oddball design to examine the categorization of human and ape faces in 9-month-old infants. A 1.2 Hz categorization response was found over occipital scalp regions both when ape faces were the oddball (and human faces the standard) and when human faces were the oddball (and ape faces the standard). Combined, these findings suggest that the brain differentiates faces and objects as early as 6 months and that the infant brain differentiates stimuli based on category, both between face and non-face stimuli and within the category of faces. However, it is still unclear whether infants will exhibit individual-level discrimination of faces and whether the topographic distribution of individual-level face processing will differ across age.
Based on previous behavioral evidence for perceptual narrowing (Kelly et al., 2009 (Kelly et al., , 2007 Pascalis et al., 2005 Pascalis et al., , 2002 Scott and Monesson, 2009; Vogel et al., 2012) , 6-, but not 9-month-olds should exhibit individual-level discrimination as measured by a 1.2 Hz neural response. However, if neural responses remain sensitive to individuallevel differences within unfamiliar face groups (e.g., Scott et al., 2006) , both 6-and 9-month-old infants should exhibit a 1.2 Hz face individuation response. Based on previous FPVS findings in adults (LiuShuang et al., 2014 ) the topographic distribution of neural activity will also be examined. If infants exhibit adult-like 1.2 Hz face individuation responses, it is expected to be primarily right-lateralized.
Method

Participants
All parents gave informed consent prior to testing. Analyses included data from 23 6-month-olds (12 males), and 19 9-month-olds (11 males). Four additional infants were excluded from the analyses because they did not contribute enough usable trials per condition (see below, n = 2) or because they were a statistical outlier (n = 2). All infants were born full-term and had no history of neurological, visual or auditory impairments. Parents of participants were paid $10 and infants received a small toy for their participation.
Stimuli and apparatus
Visual stimuli consisted of 12 digitized color photographs of Barbary macaques (Macaca sylvanus) and 12 digitized color photographs of Tufted capuchins (Cebus apella) cropped into an oval shape and presented at a visual angle of approximately 13°against a white background (Fig. 1) . The Barbary macaque faces were used in prior infant face processing studies Monesson, 2010, 2009 ). The Tufted capuchins were from a database of images maintained by the Language Research Center at Georgia State University.
Procedure
Infants sat on their parent's lap approximately 60 cm away from a computer monitor. Infants completed separate FPVS blocks for each face species to examine neural discrimination of faces within unfamiliar groups prior to (6 months) and after (9 months) perceptual narrowing (Fig. 2) . The FPVS task was structured as an oddball task in order to investigate exemplar-level discrimination. One exemplar from a face group was presented at a rapid, constant frequency (6 times per second: 6 Hz) and every 5th stimulus (the oddball) was a different exemplar from the same group (e.g., AAAABAAAAC).
Within each species/face group, infants viewed up to 10, 10-s "trials" that each included 12 oddballs. The total time for the procedure was approximately 3-5 min. Between each trial, an image and sound played to attract attention to the screen. Experimenters viewed infants' fixation to the screen via a live video feed and presented trials only when infants were attending to the screen. If the infant became fussy, an experimenter attempted to redirect infant attention to the screen by tapping the bottom of the monitor. If infants continued to be fussy, a short break was given at the end of the trial. Parents were asked to remain quiet throughout the experiment. Oddball stimuli consisted of 3 novel faces per species that were repeated randomly with the criteria that the same face was not presented twice in a row. The size of all face stimuli varied randomly across every face presentation, both for the frequent and oddball stimuli, from 90% to 110% of the original image size. Additionally, the luminance of all face stimuli varied randomly from a 40% decrease from the original image to a 40% increase from the original image. Thus, mean size and luminance of standard and oddball faces varied randomly within trials, across trials, and across participants. This variance in image size and luminance ensured that any responses at the oddball frequency were primarily due to changes in face identity, and not low-level image differences (Dzhelyova and Rossion, 2014) .
EEG acquisition and preprocessing
Electrophysiological data were collected using a 128-channel Geodesic Sensor Net connected to a DC-coupled 128-channel high input impedance amplifier (Net Amps 300 TM, Electrical Geodesics Inc., Eugene, OR). Amplified signals were low-pass filtered online at 100 Hz and sampled at 500 Hz. Electrodes were adjusted until impedances were less than 50 kΩ. All electrodes were referenced online to the vertex (Cz). Experimenters live-coded infants' duration of looking during each trial.
All processing steps were carried out with custom scripts using EEGlab 13.6 and MATLAB 2016. Data were bandpass filtered with a high-pass cut-off of 0.02 Hz using a 3rd order Butterworth filter with a slope of 18 dB/octet and a low-pass cut-off of 30 Hz using a 6th order Butterworth filter with a slope of 36 dB/octet. Once filtered, the data were segmented from 100 ms before the start of the sequence to the end of each 10 s sequence. The outermost band of electrodes (17, 43, 48, 49, 56, 63, 68, 73, 81, 88, 94, 99, 107, 113, 119, 120, 125, 126, 127, and 128) were removed from analyses due to the presence of noise.
Bad channels were identified on a trial by trial basis based on three metrics including: median absolute voltage value, standard deviation of voltage values, and the maximum difference in voltage values at each channel. The three metrics were then summed to create a quality metric index. First, all channels 2.5 standard deviations or greater than the median quality metric were identified and removed. After removing these channels, the remaining channels 3.5 standard deviations or greater than the updated median quality metric were identified and removed. Bad channels were replaced using the average voltage from up to 6 of the nearest channels. Fewer than 6 channels were used if any of the closest channels were also marked bad. Interpolation was necessary for all infants for at least one channel and at least one trial. Across all infants, an average of 11% of channels were interpolated.
The average reference was then computed and applied to all channels on a trial by trial basis. Trials in which an infant did not attend to the screen for at least half of the 10 s trial were removed. Twelve Faces were presented at a rate of 6 faces per second (base rate: 6 Hz). Every 5th face (circled) was a different face identity (oddball rate: 6Hz/5= 1.2 Hz). As pictured, faces varied in size and luminance in order to reduce neural responses to lowlevel stimulus properties.
R. Barry-Anwar et al. Neuropsychologia 108 (2018) 25-31 percent of all trials (195 out of 1680 total) were excluded because the infant did not meet the looking-time criterion. Following this, trials were visually inspected for artifacts or noise and removed if off scale for greater than 50% of each 10 s trial. If less than 50% of a trial included artifacts or noise, the portions of the trial that included artifacts/noise were removed by replacing the values with zeros. This allowed for removal of artifacts manually without creating trials of variable length. Although this artifact removal method allows for the retention of trials containing noise, it prevents the data from being averaged together across trials on a group level since trials containing zeros cannot be averaged with trials without zeros. SNRs were therefore calculated on individual trials and then averaged, as described below. Six percent of all trials (104 out of 1680 total) were excluded because greater than 50% of the trial was contaminated with noise. Twenty percent of all trials (341 out of 1680 total) included artifacts that were removed manually. There were no differences in the percentage of trials removed for 6-versus 9-month-old infants or across conditions.
Frequency domain analysis
The 100 ms before the start of each trial was removed so that segments contained an integer number of 1.2 Hz cycles. A windowed Fast Fourier Transform (FFT) was then applied to each trial individually at a frequency resolution of 0.10 Hz (= 1/10 s). Once transformed to the frequency domain, signal to noise ratios (SNR) were computed for each individual trial. The SNR was calculated as the ratio of the amplitude at each frequency of interest to the average of the 12 surrounding frequency bins (6 on each side, excluding the immediately adjacent bin on either side). If the infant did not have an SNR of at least 1.5 for the base frequency at a medial occipital group of electrodes (70, 75, and 83), that trial was removed. SNRs were then averaged separately, within the frequency of interest, within a condition for each individual participant. Data was included for analysis if it contained one or more 10 s trial per condition. Six-month-old infants contributed an average of 11.70 (SD = 3.23; range 6-17 trials) out of 20 trials. Nine-month-old infants contributed an average of 9.79 (SD = 3.46; range 5-16 trials) out of 20 trials. Although harmonics are sometimes included in the frequency analysis (Farzin et al., 2012; Liu-Shuang et al., 2014; Peykarjou et al., 2017) , no significant harmonic responses were evident in the current study and so they were not included.
ROI analysis
Based on previous studies (de Heering and Rossion, 2015; LiuShuang et al., 2014) , we examined five regions of interest (ROI) across posterior scalp regions. Based on the observed topographical distribution of the response, two additional central ROIs were also included (see Fig. 4) . SNR values at channels within each ROI were averaged across participants and conditions. One-tailed one-sample t-tests against the signal equal to the noise level (SNR = 1) were performed and statistical thresholds were determined using Bonferroni correction for multiple comparisons.
Results
Base stimulation frequency (6 Hz)
Based on previous work (de Heering and Rossion, 2015; Liu-Shuang et al., 2014) , the 6 Hz response over the medial occipital region was examined with a one-sample t-test (one-tailed) against 1 (signal equal to noise level). In both 6-and 9-month-old infants there was a clear 6 Hz response over the medial occipital region (6-month-olds: M = 2.07, SD = 0.49, t(22) = 10.42, p < 0.001. d = 2.18; 9-month-olds: M = 1.91, SD = 0.40), t(18) = 10.04, p < 0.001, d = 2.28; See Fig. 3) . However, the maximal 6 Hz response was recorded at right occipital electrode 83 (M = 2.60, SD = 0.83) in 6-month-olds and medial occipital electrode 82 in 9-month-olds (M = 2.50, SD = 0.74). The presence of a 6 Hz response recorded over occipital regions indicates that the infant visual system oscillated at the same frequency as the stimulus presentation rate. Infants completed multiple trials and so in order to better understand the variance within each age group, one-sample t-tests were performed on each infant's data to determine whether each infant a) exhibited a SNR numerically greater than 1 and b) exhibited a SNR statistically greater than 1. A summary of this analysis can be found in Table 1 with detailed individual-level results available in  Supplementary Tables S1 and S2. 3.2. Oddball face discrimination frequency (1.2 Hz) The 1.2 Hz response over the 7 ROIs was examined with a onesample t-test (one-tailed) against 1 (the signal equal to noise level). Because seven ROIs were included, the p-value threshold was set to 0.007. Means and Standard Deviations are presented in Table 2 . As shown in Fig. 4 , for 6-month-olds, the SNR was maximal over the medial occipital region, t(22) = 3.37, p = 0.002, d = 0.80. There was also a significant 1.2 Hz response over the right occipitotemporal region, t(22) = 2.89, p = 0.005, d = 0.56.
For 9-month-olds, the SNR was maximal over the right occipital region, t(18) = 4.12, p < 0.001, d = 0.96. There was also a significant 1.2 Hz response over the right occipitotemporal region, t(18) = 3.64, p = 0.001, d= 0.83, the right central region, t(18) = 3.92, p < 0.001, d = 0.90, the left occipital region, t(18) = 3.36, p = 0.002, d = 0.77, and the medial occipital region, t(18) = 4.22, p < 0.001, d = 0.94. Similar to the 6 Hz response, one-sample t-tests were performed on each infant's data (see Table 1 for a summary and detailed results in Supplementary Tables S1 and S2).
Developmental comparison
A two-factor 2 × 2 mixed-model MANOVA was used to investigate whether the SNR at the base rate frequency (6 Hz) differed by age or as a function of the species presented. The factors included: Species (capuchin, macaque) and Infant Age (6 months, 9 months). No significant main effects or interactions were found, all ps > 0.17.
Next, SNRs at the oddball frequency (1.2 Hz) were entered into a three-factor 2 × 7 × 2 mixed-model MANOVA including the factors: Species (capuchin, macaque), Region of Interest (left central, left occipital, left occipitotemporal, medial occipital, right central, right occipital, right occipitotemporal), and Infant Age (6 months, 9 months). A significant main effect of age was found, F(1, 40) = 8.93, p = 0.005, ƞ 2 = 0.18. The SNR at the oddball frequency was greater in 9-month-old infants (M = 1.17, SD = 0.14) than in 6-month-old infants (M = 1.04, SD = 0.14). There was also a significant main effect of ROI, F(6, 35) = 5.13, p = 0.001, ƞ 2 = 0.47. Paired comparisons (Bonferroni corrected) of this main effect suggest that the SNR was decreased over the left occipitotemporal region (M = 1.05, SD = 0.15) compared to the medial occipital (M = 1.12, SD = 0.14; p = 0.04), the left occipital (M = 1.12, SD = 0.20; p = 0.005), and the right occipital regions (M = 1.16, SD = 0.24; p = 0.02). Additionally, the SNR was decreased over the left central region (M = 1.05, SD = 0.17) compared to the right occipital (p = 0.01) and the right occipitotemporal (M = 1.14, SD = 0.22; p = 0.02) regions. In addition to these main effects, there was a significant 2-way interaction between the age of the infant and ROI, F(6, 35) = 3.86, p = 0.005, ƞ 2 = 0.40. This interaction was driven by the SNR being greater for 9-than 6-month-olds in 4 regions (see Table 2 ). In the right hemisphere, the SNR was greater in 9-month-olds than 6-month-olds at the right occipital region, t(27) = −2.43, p = 0.02, d = 0.76, the right occipitotemporal region, t(22) = −2.46, p = 0.02, d = 0.79, and the right central region, t(32) = −3.37, p = 0.002, d = 1.06. In the left hemisphere, the SNR was greater in 9-month-olds than 6-month-olds at the left central region, t(36) = −2.31, p = 0.03, d = 0.72.
Discussion
The present investigation found that both 6-and 9-month-old infants show neural evidence of individual-level discrimination of faces within previously unfamiliar groups. However, the topography and strength of the neural responses vary across age.
While previous behavioral work suggests that 9-month-olds fail to differentiate among unfamiliar monkey faces without specific experience learning individual-level labels for these faces Scott and Monesson, 2009 ), 9-month-olds in the current study do show neural evidence of individual-level discrimination. The current results are consistent with a previous investigation that reported ERP evidence of individual-level face discrimination for recently familiarized monkey faces (Scott et al., 2006) . However, it is inconsistent with one recent investigation showing no evidence of individuallevel discrimination in 9 month olds (Peykarjou et al., 2014) . This may be due to differences in familiarization time across the reports. In the current study infants viewed multiple instances of the same face per trial (a total of 8 s/trial for the infrequently changing face). The duration of exposure, while shorter than reported in Scott et al., 2006 , is much longer than reported by Peykarjou et al. (2014) , who only showed infants faces for 1 s. We hypothesize that discrimination of faces within unfamiliar groups is not an ability that is lost during infancy but that infants may be changing the way they discriminate faces across the first year of life and learning may differ (in quality and quantity) for faces within familiar and unfamiliar groups. Future work investigating individual-level discrimination of familiar groups of faces may increase our understanding of the role of experience in the development of lateralized face responses.
Based on previous behavioral work, our prediction was that 6-but not 9-month-old infants should show neural evidence of individuallevel discrimination. As noted above, our results indicate discrimination at both ages. This finding is not consistent with the perceptual narrowing account. In fact, 9-month-old infants exhibited increased discrimination relative to 6-month-olds, as indexed by an increased SNR at 1.2 Hz recorded over right occipitotemporal brain regions. A greater 1.2 Hz SNR for 9-month-olds occurred despite the fact that there was no difference between ages for the 6 Hz base response. These results suggest that the increased 1.2 Hz response cannot be explained by Fig. 3 . The SNR to the 6 Hz base stimulation frequency in 6-month-old and 9-month-old infants. The bar graph is a plot of the mean (dark line), 95% CI (shaded box), and individual data points averaged across the 5 channels used to make up the medial occipital region. Topographic plots are of the SNR over posterior scalp regions. The frequency graph is the SNR at electrode 75 within the medial occipital region and shows a peak at the 6 Hz stimulation frequency. See the online version for color.
Table 1
Percentage of infants displaying signal greater than noise (SNR > 1) and a significant SNR (p < 0.05). Note. Data are reported as mean SNR (standard deviation). Significant differences between 6-and 9-month olds, within each region, are marked with an asterisk (*) . SNR values significantly different from 1 (p < 0.007) are bolded.
R. Barry-Anwar et al. Neuropsychologia 108 (2018) 25-31 differences in general responsiveness to visual stimuli or maturation of visual regions. However, it is important to note that there was increased noise for the 1.2 Hz response in 6-month-old infants relative to 9-month-olds. That is, the younger infants show a more variable response than the older infants. This age-related variability could account for the difference in response magnitude seen both in the current study and previous investigations (i.e., Peykarjou et al., 2014; Scott et al., 2006) . Although the present results appear to be at odds with the behavioral perceptual narrowing literature Scott and Monesson, 2009) , it is possible that 6-month-olds and 9-month-olds are using qualitatively different processes and neural systems to complete the behavioral discrimination task. This interpretation is consistent with a recent hypothesis suggesting that with development infants shift from bottom-up processing of stimulus features, as suggested by the primarily medial occipital 1.2 Hz response in 6-month-olds, to a combination of bottom-up and top-down influences resulting in more specialized and adult-like neural responses in 9-month-olds (Hadley et al., 2014) . Future investigations comparing stimuli with and without low-level differences are needed to test this hypothesis. One way this could be done is by comparing responses to upright and inverted stimuli.
Here the maximum 1.2 Hz response was recorded over middle occipital regions in 6-month-olds whereas the maximum 1.2 Hz response was right lateralized in 9-month-olds. In addition, the SNR was significantly greater for 9-month-olds relative to 6-month-olds over both the right occipital and the right occipitotemporal regions. Based on these results, individual-level face discrimination may become increasingly right lateralized from 6 to 9 months of age, regardless of face familiarity. Right lateralized response for face individuation are consistent with previous reports in adults (Liu-Shuang et al., 2014) and with a previous investigation in 4-to 6-month-olds that found right lateralized responses for faces in the context of a face-object categorization FPVS oddball task (de Heering and Rossion, 2015) . Here, we conclude that the significant topographic differences found between 6-and 9-month-old infants may contribute to the commonly reported behavioral pattern of perceptual narrowing. That is, infants may be using qualitatively different neural networks to visually discriminate stimuli at 6 months compared to at 9 months. Support for hypothesis also comes from an ERP study that examined neural responses to ownand other-race faces with happy or sad expressions paired with either congruent or incongruent happy (laughing) or sad (crying) sounds (Vogel et al., 2012) . In 9-month-olds, the neural responses recorded over posterior scalp regions differentiated congruent and incongruent pairs, but only for own-race faces, suggesting experience-dependent visual processing of face stimuli at 9 months. However, 5-month-olds exhibited similar processing for both own-and other-race faces over anterior scalp regions. The authors suggest that behavioral perceptual narrowing may be the result of a shift in neuronal populations 6-month-old Infants underlying visual discrimination at 5 versus 9 months of age. Although, the current study did not measure anterior neural responses, our posterior findings suggest that 9-month-olds show increased and adult-like right hemisphere responses when individuating faces within previously unfamiliar groups. Future work investigating individual-level discrimination of both familiar and unfamiliar groups of faces may increase our understanding of the role of experience in the development and neural specialization of face processing.
